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POWER SUPPLY TESTER

By Miss Pornthip Pattarakunwiwat 45010499
Miss Siriporn  Junta-in 45010834

Advisor Assist. Prof. Prapakorn Suwanna

ABSTRACT

In this project , the power supply tester is an instrument used to test the linear
power supply and switching power supply. Characteristic of testing is the system has

maximum of 2 Amp and 40 Volt and can test switching power supply , too.
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TL494, NCV494

SWITCHMODE™ Pulse Width

Modulation Control Circuit

The TL494 is a fixed frequency, pulse width modulation control
circuit designed primarily for SWITCHMODE power supply control.

Complete Pulse Width Modulation Control Circuitry
On-Chip Oseillator with Masler or Slave Operation

On—Chip Error Amplifiers
On-Chip 5.0 V Refercnce
Adjustable Deadtime Control

* & & & » & & @

Undervoltage Lockout

Uncormmnitted Output Transistors Rated (o 360 mA Source or Sink
Cutput Control for Push—-Pull or Single~Ended Operation

MAXIMUM RATINGS (Full operating ambient tempetalure range applies,

unless otherwise notad.)

Rating 8ymbol Vaiue Unit
Power Supply Voltage Veo 42 v
Coltactor Gutput Voltage Vet 42 A4
Vez
Collector Output Current g oy 500 mA
(Each transistor) (Note 1)
Amplifier input Voltage Range Vir —0.3t0 +42 Vv
Power Dissipation @ Ty, < 45°C Pp 1000 mwW
Thermal Resistance, Raga BO *CIW
Junction-to-Ambient
Operating Junction Temperature 1§ 125 “G
Slorage Temperature Range Tsig ~55to +125 *C
Operating Ambient Temperature Range Ta i
TL494B -4 to+125
TL494C Oto +70
TL4%4H —-40 1o +85
NCV494B —40to +125
Derating Ambient Temperature Ta 45 ke

1. Maximum thermal limits musl be chserved.

PIN CONNECTIONS

(Top View}

& Semiconductor Components Industries, LLC, 2002
Aprit, 2002 — Rev. 4

ON Semiconductor’

http:/lonsemi.com

MARKING
DIAGRAMS
16
S50-16
. D SUFFIX TL494xD
CASE 751B AWLYWW
1
1
16
Kaie-16 TL4GdxN
N SUFFIX
CASE 848 o AWLYYWW
16 4
1
X =B, Corl
A = Assembly Location
WL, L = Wafer Lot
YY,Y =Year

WW, W = Work Week
*This marking diagram atso applies to NCV494.

ORDERING INFORMATION

Device Package Shipping
TL494BD S0-16 48 Units/Rail
TL494BDR2 50-16 2500 Tape & Reel
TL494CD 50-16 48 Units/Rail
TL494CDR2 S0-16 2500 Tape & Reel
TL494CN PDIP-16 25 Units/Rail
TL494IN PDIP-16 2% Units/Rail
NCV494BDR2” 85016 2500 Tape & Reel

*NCV494: Ty, = ~40°C, Thgn = +125°C.
Guaranteed by design. NCV prefix is for
automeotive and other applications requiring site
and change control.

Publication Order Number:
TL494/D



TL494, NCV494

RECOMMENDED OPERATING CONDITIONS

Characteristics Symbol Min Typ Max Unit
Power Supply Voltage o o Voo 70 15 40 v
Collector Output Voltage o o Vet Vez - 30 40 v
Collector Output Current {Each transistor) 1. 12 - - 200 ma,
Ampiified Input Voltage Vin 03 - Voo ~20 vV
Current Inte Feedback Termina! I - - 0.3 mA
Referance Qutpul Current - - - 10 mA
Timing Resistor Rt 18 30 500 kQ
Timing Capacitor Cr 0.0047 0.001 10 uF
Oscillator Frequency o fosc 10 40 200 kHz

ELECTRICAL CHARACTERISTICS (Ve = 15V, C1 = 0.01 oF, Ry = 12 kQ, unless otharwiss notad.)
For typical valuas Ty = 25°C, for min/max values Ty is the operating ambient temperature range that applies, unless otherwise noted.

Characteristics Symbol { Min l Typ l Max Unit l
REFERENCE SECTION

Reference Voltage {Ip = 1.0 mA) Vief 475 5.0 525 v

Line Reguiation (Vee =7.0Vio 40V) Regine - 20 25 mv

Load Reguiation (I = 1.0 mA to 10 mA) Regipad - 3.0 15 mv

Short Circuit Quiput Current (Vg =0 V) s 15 35 75 mA

OQUTPUT SECTION 4

Collactor Off-State Cutrent Iofaft ¥ 20 100 A
(VCC =40 V, VCE =40 V}

Emitter Off-State Current lggom - - -100 nA
VCC:40V,VC=40V,VE:0V)

Collector-Emitter Saturation Voltage (Note 2) v
Common-Emitter (Vg = 0 V, I = 200 mA) Vsat(C} - 1.1 13
Emitter—Follower (V. = 18 V, Ig = 200 mA) Veat(E) - 15 25

Output Control Pin Current
Low Slate (Voo < 0.4 V) locL - 10 «» KA
High State (Vog = Vier) locH - 0.2 35 mh

Output Voltage Rise Time t ns
Common—Emitter (See Figure 12) - 100 200
Emitter—Follower {See Figura 13) - 100 200

Output Voltage Fall Tme ' t ns
Commor—Emitter (See Figure 12) - 25 100
Emitter-Follower (See Figure 13) - 40 100

2. Low duty cycls pulse techniques are used during test to maintain junction temperalure as close to ambient temperature as possible.

http://fonsemi.com
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TL494, NCV494

ELECTRICAL CHARACTERISTICS (Vo = 15V, Cy = 0.01 uF, Rt = 12 kQ, unless olherwise noted.)
For typical values T = 25°C, for min/max values T, is the operating ambient temperalura range thal applies, uniess otherwise noted.

; Characteristics - ] Symbol Min Typ Max | Unit ]
ERROR AMPLIFIER SECTION
| tnput Offset Voltage (Vay (e 3y = 2.5 V) i Vio - 20 10 mv
Input Offset Current (Vo (pin 3) = 2.5 V) T e - 5.0 250 nA
Input Bias Current (Ve (pin 3 = 2.5 V) T he - —01 10 WA |
Input Common Maode Voltage Range (Ve = 40 V, Ta = 25°C) VicR 0.3 to V2. v
Opan Loop Voltage Gain (AVp = 3.0V, Vg=05V 1035V, R =2.0k) Avor 70 a5 - dB
Unity—Gain Crossover Fraquency (Vp = 0.5V 1o 3 5V.RL=2.0kQ}) fo- - 350 - kHz
Phase Margin at Unlly—Gam Vn=05Vio 3 5V RL = 2.0 k§2} O - 65 - deg.m
Common Mode Rejection Ratio (Ve = 40 V) CMRR 65 S0 - das
Power Supply Rejectlon Ratio (AVe = 33 V,Vo=2bV R =2.0kQ} P3RR - 100 - dB
Output Sink Currant (VQ (Pin3y = 0.7 V) lo- 0.3 ar - mA
Oulput Source Current (Vg (pin 3y = ML’:S V) - \\\ I+ 20 ~4.0 = ma
PWM COMPARATOR SECTION (Test Circuil Figura 11}
Input Thrashold Voitage (Zero Duty Cycle) AN - 25 45 v
{nput Sink Current (V(pm 3)= 0.7 V) Iy~ 03 0.7 - mA
DEADTIME CONTROL SECTION (Tast Circutt Flgu;e_ﬁ)
input Bias Current (Pin 4) (Vpin 4 =0V to 5.25 V) ie (o7 - -20 -10 pA
| Maximum Buty Cycle, Each Output, Push-Pull Mode DCmax %
| (Vpna=0V,Cr=0.01yF Ry=12keQ) 45 48 50
(Vpin 4 = 0V, C1 = 0.001 yF, Ry = 30 k) = 45 50
input Threshold Voltage (Pin 4) e Vin v
(Zero Duty Cycle) - 28 33
{Maximum Duty Cycle) 0 L 4
OSCILLATOR SECTICN
Frequancy (C1 = 0.001 4, Ry =30 k&) NAL fosc L 40 5 kHz
Standard Deviation of Frequancy® (CT 0 0ot uF Ry =30k} s - 3.0 - %
Frequency Change with Voltags (Ve = 7OV 10 40Y, Ta = 25°C) | Afgeg (AV) g 0.1 i %
Frequency Change with Temperature (ATa = Tigy 10 Thign) Afgge (AT) - - 12 %
(Cr=0.01pF Ry = 12 kQ)
UNDERVOLTAGE LOCKOUT SECTION
Turn—On Threshald (Ve increasing, lrer= 1.0 mA) Vi 55 6.43 70 } vV }
TOTAL DEVICE
Standby Supply Current (Pin 6 at Vi, All other inputs and outputs open) | lec mA
Veg = 15 V) - 55 10
(Veg = 40V) - 79 15
Average Supply Current o mA
(Cr = 0.01 4F, Ry = 12X, Vpin 4y = 2.0 V) - 7.0 -
(Veo = 15 V) (See Figure 12}

* Standard deviation is a measure of the statistical distribution about the mean as derived from the formuila, o

http:j/fonsemi.com
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Control

Featback PWM
Comparator Irput

Deadtime

TL494, NCV494

Output Control Vee
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Regulator
7
Gnd
Erroe Amp Ref. L.
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This davice contains 46 active transistors.

Figure 1. Representative Block Diagram
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Figure 2. Timing Diagram
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TL494, NCV494

APPLICATIONS INFORMATION

Description

The TL494 is a fixed—{requency pulse width modufation
control circuit, incorporating the primary building blocks
required for the control of a switching power supply. (See
Figure [} An infernal-linear sawtooth oscillator is
{requency— programmable by two external components, Ry
and Cr. The approximate oscillalor frequency is determined
by:

fosc = 1.1
Ry Cy
For more information refer to Figure 3.

Output pulse width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor Ct to either of two control signals. The NOR gates,
which drive output transistors Q1 and Q2, are cnabled only
when the flip-flop clock—input line is in its low staie. This
happens only during that portion of time when the sawtooth
vollage Is greater than the conirol signals. Therelore, an
increase in control—signal amplitude causes a corresponding
linear decrease of oulput pulse width, (Refer to the Timing
Diagram shown in Figure 2.}

The control signals are external inputs that can be fed into
the deadtime control, the error amplifier inputs, or the
feedback input. The deadtime control comparator has an
effective 120 mV input offset which limits (he minimum
output deadtime to approximately the first 4% of the
sawlooth—cycle time. This would result in a maximum duty
cycle on a given output of 96% with the output control
grounded, and 48% with it connected 1o the reference line.
Additional deadtime may be imposed on the output by
setting the deaduime—control input to a fixed voitage,
ranging between 0 Vio 3.3 V.

Functionat Table

Input/Output fout
Controls Output Function = =
Groundad Single—ended PWM @ Q1 and Q2 1.0

@ Vref Push—puli Operation 0.5

The pulse width modulalor comparator provides a means
for the error amplificrs to adjust the output pulse width from
the maximum percent on-time, established by the deadtime
control input, down to zero, as the voltage at the feedback
pin varics from 0.5 V to 3.5 V. Both crror amplifiers have a

common mode input range {from .3 V to (Ve -2V}, and
may be used lo sense power—supply output voltage and
current. The error—amplifier outputs are active high and arc
ORed together at the noninverting inpus of the pulse—width
modulator comparator.  With this configuration, the
amplifier that demands minimum output on time, dominates
control of the loop.

When capacitor Ct is discharged, a positive pulse is
generated on the output of the deadtime comparator, which
clocks the pulse—steering flip—flop and inhibits the output
transistors, Q1 and Q2. With the output—controf connected
to the reference line, the pulse—steering {lip—{lop direets the
modulated pulses to cach of the two outpul transistors
alternately for push-pull operation. The output frequency is
equal to half that of the oscillator. Quiput drive can also be
taken from Q! or Q2, when single—ended operation with a
maximum on-time of less than 50% is required. This i3
desirable when the output transformer has a ringback
winding with a catch diode used for snubbing. When higher
output—drive currents are required for single-ended
operation, Q1 and 32 may be connected in parallel, and the
output-mode pin must be tied to ground to disable the
flip—flop. The output frequency will now be egqual to that of
the osciilator.

The TL494 has an internal 5.0 V reference capable of
sourcing up to 10 mA of load cwrent for external bias
circuits. The reference has an internal accuracy of = 5.0%
with a typical thermal drift of less than 50 mV over an
operating lemperature range of 09 to 70°C.

g

J_1 1
N 111
1‘_" ‘..‘. T T 1T
5 L6, 20,001 uF - Voo =18V
0k 4+
= —
o
L
&
[+ o4
S 0.01 WF
= k +
g 10 k =
—d
&)
h
O .
2 01 uF
Hrox SR N
500 :t i
10k 20k 50k 10k 20k 50k 100k 200k 500k10M
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Figure 20. Pulse Width Modulated Push—Pull Converter

Test

Conditions

Results

Line Regutation

Vi =10V to 40 V

14 mv 0.28% [1-35mH@03A

Load Regulation

Vip =28V ln=10mAlc1.0A

T1 - Primary: 20T C.T. #28 AWG

3.0mV 0.06% Secondary: 120T C.T. #36 AWG

Quiput Ripple

Vin=28V, |0=T,0A

65mV pp PAR.D. Care: Ferroxcube 1408P-L00-3CH

Short Circuit Current

Vin=28V Ry =01Q

16A

Efficiency

Vin=28\-"» |o=1DA

71%
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Figure 21. Pulse Width Modulated Step-Down Converter

Efficiency

Test Conditions Results
Line Regulaticn Vin=80V1io40V 3omV  0.01%
toad Regulation Vin = 12.6 V, I = 0.2 mA to 200 mA 50myV  0.02%
Output Ripple Vi = 12.6 V, Ig = 200 mA 40mvpp PARD.
Short Circuit Current Vin= 126V, R =010 250 mA
Vip = 12.6 V, Ig = 200 mA 72%
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Philips Semiconductors

Product specification

N-channel TrenchMOS™ transistor

IRF540, IRF5408

FEATURES

* "Trench’ technology

» Low on-state resistance
+ Fast switching

» Low thermat resistance

GENERAL DESCRIPTION

SYMBOL

QUICK REFERENCE DATA

Vipss = 100 V
I, =23 A
RDS{ON) S 77 mQ

N-channel enhancement mode field-effect power transistor in a plastic envelope using 'trench’ technology.

Applications:-
+ d.c. to d.c. converters
« switched mode power supplies

+ T.V. and computer monitor power supplies

The IRF540 is supplied in the SOT78 (TO220AB) conventional leaded package.

The IRF540S is supplied in the SOT404 {D°PAK) surface mounting package.

PINNING SOT78 (TO220AB) S0T404 (D*PAK)
PIN DESCRIPTION .
1 gate
2 |drain'
3 source
2
tab  tdrain 1 3
LIMITING VALUES
Lirmniting values in accordance with the Absolute Maximum System (IEC 134)
SYMBCL |PARAMETER CONDITIONS MIN. MAX. UNIT
Vpss Drain-source voltage T,=25°Cto 175°C - 100 v
Voer Drain-gate voltage T,=25"C1175°Cl Ry =20 k2 - 100 v
Ves Gate-source voltage - 20 v
Iy Continuous drain current T = 25 °C, Ve =10V - 23 A
T = 100 °C; Vs = 10V - 16 A
Lo Pulsed drain current Tw=25"C - 92 A
Ps Total power dissipation T =25°C - 100 W
T, T Operating junction and - 55 175 C
storage temperature
1 Itis not possible 1o make connection {a pin:2 of the SOT404 package
August 1999 1 Rev 1.100



Philips Semiconductors

Product specification

N-channel TrenchMOS™ transistor

IRF540, IRF5408

AVALANCHE ENERGY LIMITING VALUES
Limiting values in accordance with the Absolute Maximum System (HEC 134)

SYMBOL |PARAMETER CONDITIONS MIN. MAX. | UNIT
E.s Non-repetitive avalanche Unclamped inductive load, 1,3 = 10 A; - 230 m.J
energy t, = 350 us; T, prior to avalanche = 25°C;
Vop S 25 V; Rgs = 50 Q; Vg = 10V, refer
to fig:14
Vas Peak non-repetitive - 23 A
avalanche current
THERMAL RESISTANCES
SYMBOL [PARAMETER CONDITIONS MIN. { TYP. | MAX, | UNIT
R jme Thermal resistance junction - - 15 | KK'W
to mounting base
Rin e Thermal resistance junction §SOT78 package, in free air - 60 - Kw
o ambient S0OT404 package, pcb mounted, minimum | - 50 - Kw
footprint
ELECTRICAL CHARACTERISTICS
T= 25°C unless otherwise specified
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Vigrpss | Drain-source breakdown Vos =0V 1, = 0.26 mA; 100 - - v
voliage T,=-55'C | 8% - - v
Vasro) Gate threshold voltage Vs = Vger In = 1 MA 2z 3 4 v
T,=175C 1 - - v
T,=-85C - - 6 v
Rosony  {Drain-source on-state Ves =10V I =17 A - 43 | 77 | mQ
resistance T,=175'C - 132 | 183 | mQ
U5 Forward transconductance {Vps =25V I, =17 A 8.7 | 185 - S
lass Gate source leakage current |Vgs =1 20 Vi Vs =0 v - 10 100 nA
loss Zero gate voltage drain Vps = 100 V; Vs =0V - 005 10 UA
current Vps =80V, Vg =0V, T, =175°C - - 250 | pA
Qguen Total gate charge 5= 17 A Vo= B0V, Vg = 10V - - 65 nC
Q,, Gate-source charge - - 10 | nC
Qs Gate-drain {Miller} charge - - 29 nC
ty o Turn-on detay fime Voo =50 ViR =2.2 &4 - 8 - ns
t, Turn-on rise time Ve =10V Ry =560 - 39 - ns
tyon Tumn-off delay time Resistive load - 26 - ns
t Turn-off fall time - 24 - ns
Ly internal drain inductance Measured tab to cantre of die - 3.5 - nH
Ly internai drain inductance Measured from drain lead to centre of die - 4.5 - nH
{SOT78 package only)
L, internal source inductance  |Measured from source lead to source - 7.5 - nH
bond pad
Coas Input capacitance Vos 0V Vg =28V f=1 MHz - 830 | 1187 | pfF
Cose Qutput capacitance - 139 1 167 | pF
Cre Feedback capacitance - 83 100 | oF
August 1999 2 Rev 1.100



Philips Semiconductors Product specification

N-channel TrenchMOS™ transistor IRF540, IRF5408

REVERSE DIODE LIMITING VALUES AND CHARACTERISTICS

T, = 26°C unless otherwise specified

SYMBOL {PARAMETER CONDITIONS MIN. | TYP, | MAX. ! UNIT

ls Continuous source current - - 23 A
(body diode)

bsp Pulsed source current (body - - a2 A
diode)

Vo Diode forward voltage k=28 A, V=0V - 094 | 15 Vv

t Reverse recovery time Ir =17 A; -dI./dt = 100 Alus; - 61 - ns

Q. Reverse recovery charge Ves =0V V=26V - 200 - nC

August 1999 3 Rev 1,100



Philips Semiconductors

Product specification

N-channel TrenchMQS™ transistor

IRF540, IRF5408
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Philips Semiconductors

Product specification

N-channel TrenchMOS™ transistor

IRF340, IRF540S
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Philips Semiconductors Product specification

N-channel TrenchMOS™ transistor IRF540, IRF5408

Sourcs-Draln Diods Current, iF (A) Maximum Avalancha Current, Iy (A)
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Fig.13. Typical reverse diode current. Fig.14. Maximum permissible non-repetitive
Ie = fiVisps); condifions: Vi, = 0 V: parameter T, avalanche current (1,s) versus avalanchs fime (1,,);
unclamped inducitive load
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intersil.

Data Sheet

31/, Digit, LCD/LED Display, A/D
Converters

The Intersil ICL7106 and ICL7107 are high performance, low
power, 31.’2 digit A/D converters. Included are seven
segment decoders, display drivers, a reference, and a clock.
The ICL7106 is designed to interface with a liquid crystal
display (LCD) and includes a multiplexed backplane drive;
the ICL.7107 will dirsctly drive an instrument size light
emitting diode (LED) display.

The ICL7106 and ICL7107 bring together a combination of
high accuracy, versatility, and true economy. It features auto-
ze10 to less than 10pV, zero drift of less than 1uV/°C, input
bias current of 10pA {Max), and rollover error of less than
one count. True differential inputs and reference ara usefu! in
all systems, but give the designer an uncomman advantage
when measuring load cells, strain gauges and other bridge
type transducers. Finally, the trus economy of singla power
supply operation (ICL7106), enables a high performance
panei meter to be bullt with the addition of only 10 passive
components and a display.

September 15, 2005

ICL7106, ICL7107, ICL7107S

FN3082.7

Features

Guaranteed Zero Reading for OV Input on All Scales
True Polarity at Zero for Precise Null Detection
1pA Typical Input Current

Trua Differential Input and Reference, Direct Display Drive
- LCDICL7106, LED ICL7107

Low Noise - Lass Than 15uVp.p

On Chip Clock and Reference

Low Power Dissipation - Typically Less Than 10mwW
No Additional Active Circuits Required

Enhanced Display Stability

Pb-Free Pius Anneal Available (RoHS Comgliant)

Ordering Information
TEMP. RANGE

PART NO. PART MARKING *C) PACKAGE PKG. DWG. #
ICL¥1068CPL ICL7106CPL Oto 70 40 Ld PDIP E40.6
ICL7106CPLZ (Note 2) ICL7106CPLZ 0ta70 40 Ld PDIP({Pb-free) (Note 3} E40.6
ICL7106CM44 ICL7106CM44 Oto 70 44 Ld MOFP Q44,10x10
ICL7106CM44Z (Note 2) ICL7106CM447 0to 70 44 | d MOFP {Phb-free) Qd4.10x10
ICL7106CM44ZT (Note 2) ICL7T106CM44Z Oto 70 44 Ld MOFP Tape and Reel {Pb-frea) |Q44.10x10
ICL710TCPL ICL7107CPL Oto70 40 Ld PDIP E40.6
ICLT107CPLZ (Nota 2) ICL7107CPLZ Ota70 30 Ld PDIP{Pb-free) (Note 3) E40.6
ICLT10TRCPL ICL7107RCPL Qte 70 40 Ld PDIP (Note 1) E40.8
{CL7107RCPLZ (Note 2) ICLT107RCPLZ Oto 70 40 1.d PDIP (Pb-free) (Notes 1, 3} E40.6
ICL7107SCPL ICLT107SCPL Oto 70 40 Ld PDIP {Notes 1, 3) E40.8
ICL7107SCPLZ (Note 2) ICL71078CPLZ Qto 70 40 Ld PDIP {Pb-free) (Notes 1, 3) E40.6
ICL7107CM44 ICL7107CM44 Oto 70 44 Ld MQFP Q44.10x10
ICL7107CM44T ICLT107CM44 Dta 70 44 |.d MQFP Tape and Reel Q44.10x10
ICL7107CM44Z (Note 2) ICLT107CMA47 RG] 44 |.d MQFP (Pb-free) Q44.10x10
ICL7107CM44ZT {Note 2) ICLT107CM442 Ot 70 44 Ld MQFP Tape and Reel {(Pb-ree) (Q44.10x10
NQTES:

1.
2

"R” indicates device with reversed leads for mounting to PC board underside. “S” Indicatas enhanced stability.
Intersil Pb-free plus anneat products employ speclal Pb-free matarlal sets; molding compounds/die attach materials and 100% matte tin plate

termination finish, which are RoHS compliant and compatible with both SnPb and Pb-frea saldering operations. Intersll Pb-free products are
M3L classified at Pb-free peak refiow temperatures that meet or exceed the Pb-free requirements of IPC/JEDEC J STD020.

. Pb-free PDIPs can be used for through hole wave solder processing only. They are notintended for use In Reflow solder processing applications.

CAUTICN: Thesa devices are sansitive to elactroatatic dlacharge; fokow proper IC Handling Procedures.
1-BBE-INTERSIL or 1-888-468-3774 | Infersil (and design) is a reg:

1 beorl =
Ir

rk of Intersd A Ine.
Copyright Intersil Americas 1nc. 2002, 2004, 2005, AR Ryghts Reserved
A othar Irademarks mentlonod are the propery of thelr respective ownem.




ICL7106, ICL7107, ICL7107S

Pinouts
ICLT7108, ICL7107 (PDIP) ICLT1G7R (PDIP)
TOP VIEW TOP VIEW
v+ [T] hd 4] osc 1
[ b1 [Z] [35] osc 2 osc1 [T} ¥ 9] v+
c1 3] 58] osc 3 oscz [2] %] 1
81 [4] 7] TEsT osc3 [3] 3] 1
(1) ¢ a1 [5] [56] REF HI TesT [4] 57] B1
F1 [5] 58] REF LO REF HI [F] [36] a1 3 (1's)
&1 [7] ] Crert REF LO [T] 351 F1
| E1 [3] 3] Crex- Crert [T 3] 61
[ D2 [7] 3] COMMON Crer [E] 3] £ :
c2 [1 [5T] IN CommoN [3 2] b2
o J 82 [T [38] IN LO IN HI (15 3] c2
(10'%} < a2 [ %) Az INLO [AT] 30] B2 L 10'e)
F2 [13] 78] BUFF AZ [77] 2] a2
| e2 [0 2] INT BUFF [73] 7] F2
p3 [75 %) v- INT [19] %7] E2 |
.. | B3 [T [55] G2 (10s) v 15 2] 3 |
(1008} < Fs [T ] c3 G2 (10's) [18] 75} B3 , (100s)
. c [T7] 24] F3
3 [TE] 23] A3 » (100's)
(100's) < A3 [T8] 3] e2
{1000) AB4 EE g] G3
sy POL [® 37] BP/GND 63 [1F] [Z] (1000} AB4
BPIGND [2)] [27] PoL (MINUS)
ICL7106, ICL7107 (MQFP}
TOP VIEW
8
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e i A - o n
L W =T 4O o
B §§8zz28E
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(v I | 2162
TesTCI )3 araes
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osc 1] 7 27|——T3roL
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ICL71086, ICL7107, ICL7107S

Absolute Maximum Ratings

Supply Voltage
ICLT106, VHto M- ..o 15V
ICLTA07, VHtoGND . ..o 6v
ICL7I07, Veto GND .. .o e -9V
Analog Input Voltage {Either Input) (Note 1) ... ... .. ... V+io V-
Reference Input Voltage (Either Input). .. .. ... ... . ... V+io V-
Clock Input
ICLI106 ... TEST to W+
ICLTH07 .. GND to V+
Operating Conditions
Temperature Range. . .......................... 0°C o 70°C

Thermal Information

Thermal Resistance {Typical, Note 2) a8 (PCW)
POIP PAckAGE . ... .o oo 50
MQOFPPACckage - .. ... oooeeeerrne .. 75

Maximum Junction Temperature . .. .................... 150%C

Maximum Storage Temperatura Range. ......... -65°C fo 150°C

Maximum Lead Temperature (Soldering 10s). . ........... 300°C

{MQFP - Lead Tips Only)

NOTE: Pb-free PRIPs can be used for through hole wave solder
processing only. They are not intended for use in Reflow sclder
processing applications.

CALITION: Stresses above those listed in *Abschte Maximum Ratings” may cause permanent damage {o the device. This is & stress only rating and opevation of the

davfoea!mesearanyothermmﬁﬁonsmmmmmlnmemmﬂwfmdmwmﬂonbndmm

NOTES:

1. Input voltages may exceed the supply voltages provided the input curent is limited to +100pA
2. 8a Is measured with tha component mounted on a lew effective thermal conductivity test board In free alr. Ses Tech Brief TB379 for detals.

Electrical Specifications (Note 3)
PARAMETER TEST CONDITIONS KRR [ uwir
SYSTEM PERFORMANCE
Zero Input Reading Vin = 0.0V, Full Scale = 200mV <000.0 | +000.0 | +D00.0 Digital
Reading
Stabdity {Last Diglt) (ICL7106S, ICL71075 Fixed Input Voitags (Note &) -000.0 | $000.0 | +000.0 | Digital
Only) Reading
Ratiometric Reading Vin = VREF. VREE = 100mV 899 | 8ag/10 | 1000 Digital
00 Reading
Rollover Ermor ViN = tVN = 200mV - 102 1 Counts
Difference in Reading for Equal Positive and Negative
Inputs Near Full Scale
Linearity Full Scale = 200mV or Full Scale = 2V Maximurn - 0.2 + Counts
Deviation from Best Straight Line Fit (Note 5)
Common Mode Rejection Ratio Vem = 1V, Vin = 0V, Full Scale = 200mV (Note 5) - 50 : pVIV
Nolse Vin = OV, Full Scale = 200mV : 15 - e
{Peak-To-Peak Value Not Exceeded 95% of Time)
Leakage Cument Input Vin =0 (Note 5) - 1 10 pA
Zero Reading Drift Vin = 0, 0°C To 70°C (Note 5) . 02 1 pVC
Scale Factor Temperature Coefficient Vi = 188mV, 0°C To 70°C, - 1 5 ppm/°C
(Ext. Ref. Oppm/=°C}) (Note 5)
End Power Supply Character V+ Supply Vin =0 {Does Not Include LED Gurent for iCL7107) o 1.0 1.8 mA
Cument
End Power Supply Character V- Supply Current | ICL7107 Only - 0.6 18 mA
COMMON Pin Analog Common Voltage 25k10) Between Common and 24 30 3.2 v
Positive Supply (With Respect to + Supply)
Temperature Cosfficient of Analog Common | 25k02 Between Common and - 80 - ppmPC
Positive Supply (With Respect to + Supply)
DMSPLAY DRIVER ICL7106 ONLY
Peak-To-Peak Segment Drive Voltage V+ =10 V- = 9V (Note 4} 4 55 6 A
Peak-To-Peak Backplane Drive Voltage
3 iﬂtel‘sil FN3082.7



ICL7106, ICL7107, ICL7107S

Electrical Specifications (Note 3) (Continued)

PARAMETER ] TEST CONDITIONS | N | 1ve | max | unm
DISPLAY DRIVER ICL7107 ONLY
Segment Sinking Current V+ = 5V, Segment Voltage = 3V
Except Pins 19 and 20 5 8 - mA
Pin 19 Only 10 16 . mA
Pin 20 Only 4 7 - mA
NOTES:

3. Uniess otherwise noted, spacifications apply to both the ICL7106 and ICL7107 at Ta=258°C, foL ook = 48kHz. ICL7106 is tested in the circuit
of Figure 1. ICL7107 is tested in the circuit of Figure 2.

4. Back plana drive Is In phase with segment drive for “off” segment, 180 degrees out of phase for "on” segment. Frequency Is 20 times conversion
rate. Average DC component is less than 50mV.

5. Not tested, guarantzed by design,
6. Sample Tested.

Typical Applications and Test Circuits

;”"-’ +Ill\i-
Ry Rs. 1
| Cs).. [R
Ry €y Ra &1 'Cg E ¥ DISPLAY
Cy=0.1pF
3 a'»'%ll_:]z SFE;]:HE'IS'IEISIEM alRIEIR]f Ca= 04T
R - ] qu&;snsnn 5=22|1F
D oo % 2 2 =+ z a <« 0d Cym=1
assﬂsgﬁguzz 3 ol 4
D Rq = 24k0
ICL7106 Rym 470
$5caxcssasaveusaesdd e
IR R R EEE R EEERER] Rg = 1M0

FIGURE 1. ICL7106 TEST CIRCUIT AND TYPICAL APPLICATION WITH LCD DISPLAY COMPONENTS SELECTED FOR 200mV FULL
SCALE

Cy= 0t
C3 = 0ATKF
Cy= 022,F
Ca = 100pF
Cssﬂ.ﬂzpF
Ry = 24k0)
Rg = 47kQ
= =
355 EXc5G8082rus8ends A
HCPIEEEE TR EEEEEEE Rs = M0
DISPLAY

FIGURE 2. ICL7107 TEST CIRCUIT AND TYPICAL APPLICATION WiTH LED DISPLAY COMPONENTS SELECTED FOR 200mV FULL
SCALE
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ICL7106, ICL7107, ICL7107S

Design Information Summary Sheet

OSCILLATOR FREQUENCY

fosc =045RC
Cosc > 50pF; Roge > 50k
fosc (Typ) = 48kHz

OSCILLATOR PERIOD

tosc = RC/0.45

INTEGRATION CLOCK FREQUENCY
feLock =Tosc/4

INTEGRATION PERIOD

tier = 1000 x (4/fosc)

60/50Hz REJECTION CRITERION
tinT/teoHz OF tinT/te0HZ = Integer
OPTIMUM INTEGRATION CURRENT
hnT = 4uA

FULL SCALE ANALOG INPUT VOLTAGE
VinEs (Typ) = 200mV or 2V

INTEGRATE RESISTOR
VINFs
hnT

Rint =

INTEGRATE CAPACITOR
Uiy
Cpye = LINTUINT
N VINT

INTEGRATOR OUTPUT VOLTAGE SWING

NI LTS ST
INT ™ — @& —
INT
ViNT MAXIMUM SWING:

(V- + 0.5V) < ViNT < (V- 0.5V), Vi (Typ) =

2V

-

DISPLAY COUNT
Vin
VREF

COUNT = 1000 x

CONVERSION CYCLE

teve =toLock x 4000
teye =tose x 16,000
when fogo = 48kHz; teye = 333ms

COMMON MODE INPUT VOLTAGE

(V- + 1V) <V < (V+ - 0.5V)

AUTO-ZERO CAPACITOR

0.01pF < Cpz < 1pF

REFERENCE CAPACITOR

0.1uF < Crgp < 1uF

Vcom

Biased between Vi and V-.

Veom=V+-2.8v

Regulation lost when V+ to V- < =6.8V

¥ Veom is externally pulled down to (V+ to V-Y2,
the Ve onm circuit wilf turn off.

ICL7106 POWER SUPPLY: SINGLE 9V
V+-\-=0V

Digital supply is generated internally

Vanp = V+-4.5V

{CLT106 DISPLAY: LCD

Type: Direct drive with digital logic supply amplitude.
ICL7107 POWER SUPPLY: DUAL +5.0V

V+=+5V to GND
V- =-5V to GND
Digital Logic and LED driver supply V+ to GND

ICL7107 DISPLAY: LED
Type: Non-Multiplexed Common Anode

Typical Integrator Amplifier Output Waveform (INT Pin)

[}
]
AUTO ZERO PHASE !
COUNTS) )
« 1000 1

1

H

- == - = =~

SIGNAL INTEGRATE
PHASE FIXED
1000 COUNTS

1
|
DEJNTEGRATE PHASE !
0 - 1999 COUNTS |

1

1

1

’

L
h
4

» b
L

TOTAL CONVERSION TIME = 4000 x toy ooy * 16,000 X togg
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ICL7106, ICL7107, ICL7107S

Detailed Description

Analog Section

Figure 3 shows the Analog Section for the ICL7106 and
ICL7107. Each measurement cycle is divided into three
phases. They ara (1) auto-zero (A-Z), (2) signal integrate
{INT) and (3) de-integrate (DE).

Auto-Zero Phase

During auto-zero three things happen. First, input high and low
are disconnected from the pins and intemally shorted to analog
COMMON. Second, the refarence capacitor is charged to the
reference voltage, Third, a feedback loop is closed around the
system to charge the auto-zero capacitor Caz to compensate
for offset voltages in the buffer amplifier, integrator, and
comparator. Since the comparator is included in the loop, the A-
Z accuracy is limited onfy by the noise of the system. In any
case, the offset refered to the input is less than 10uV.

Signal integrate Phase

During signal Integrate, the auto-zero loop is opened, the
internal short is removed, and the internal input high and low
are connected to the external pins. The converter then
integrates the differential voltage between IN Hi and IN LO for a
fixed time. This differential voltage can be within a wide
common mode range: up to 1V from either supply. If, on the
other hand, the input signal has na return with respect ta the
converter power supply, IN LO can be tied to analog COMMON
to establish the comect common mode voltage. At the end of
this phase, the polarity of the integrated signal is determinad.

De-Integrate Phase

The final phase is de-integrate, or reference integrate. Input
low is internally connected to analog COMMON and input
high is connected across the previously charged reference
capacitor. Circuitry within the chip ensures that the capacitor
will be connected with the carrect polarity to cause the
integratar output to return to zero. The time required for the

sTray L i L sTRAY
I Cre £Ed
c-;_..," REF HI REF LO} Cogr-
- 4.;3 _____

output to return to zero is proportional to the input signal.
Specifically the digital reading displayed is:

v
DISPLAY COUNT = 1ooo[i] )
VREF

Differential Input

The input can accept differential voltages anywhere within the
common mode range of the input amplifier, or specifically from
0.5V below the positive supply to 1V abowve the negative
supply. In this range, the system has a CMRR of 8648 typical.
However, care must be exercised to assure the integrator
output does not saturate, A worst case condition would be a
large positive common moda voltage with a near full scale
negative differential input voltage. The nagative input signal
drives the integrator positive when most of its swing has been
used up by the positive common mode voltage. For these
critical applications the integrator output swing can be
reduced lo less than the recommaended 2V full scale swing
with little loss of accuracy. The integrator oufput can swing to
within 0.3V of either supply without loss of linearity.

Differential Reference

The reference voltage can be generated anywhere within the
power supply voltage of the corverter, The main source of
common mode emor is a rollover voltage caused by the
reference capacitor losing or gaining charge to stray capacity
on its nodes. If there is a large common mode voltage, the
reference capacitor can gain charge (increasa woltage) when
called up to de-integrata a positive signal but lose chamge
(deareasa woltage) when called up to de-integrate a negative
input signal. This difference in reference for pasitive or negative
input voltage will give a roll-over error. However, by selecting the
reference capacitor such that it is large enough in comparison
io the stray capacitance, this emor can be held to less than 0.5
count worst case. (See Component Vaiue Selection. )

IN Kl o——-—® o
1
. INT DE- DE+ INPUT
1 HIGH
! *2Q)
! N
1
132 DE+ DE-

COMMON ¢

1 INT
130 @ A-Z AND DE(+}

INLO 9_®
L e Tt T T T g -0 e = -

Vo

FIGURE 3. ANALOG SECTION OF ICL7106 AND ICL7107

] | intergjl
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ICL7106, ICL7107, ICLT107S

Analog COMMON

This pin is included primarily to set the common mode
voltage for battery operation (ICL7106) or for any system
whara the input signals are floating with respect to the power
supply. The COMMON pin sets a voltage that is
approximately 2.8V more negative than the paositive supply.
This is selected to give a minimum end-of-life battery voltage
of about 6V. However, analog COMMON has some of the
attributes of a reference voitage. When the total supply
voltage is large encugh to cause the zener to regulate (>7V),
the COMMON voltage will have a low voltage coefiicient
(0.001%/V), low output impedance (z1502), and a
temperature coefficient typically less than 80ppryx°C.

The limitations of the on chip reference should also be
recognized, however. With the ICL7107, the internal heating
which results from the LED drivers can cause some
degradation in performance. Due to their higher thermal
resistance, plastic parts are poorer in this respect than
ceramic. The combination of reference Temperature
Coeflicient (TC), intemal chip dissipation, and package
thermal resistance can increase noise near full scale from
25,V to 80pVp. . Also the linearity in going from a high
dissipation count such as 1000 (20 segments on) to a low
dissipation count such as 1111(8 segments on) can suffer by
& count or maore. Devices with a positive TC reference may
require several counts to pull out of an over-range condition.
This is because over-range is a low dissipation mode, with the
three least significant digits blanked. Similarly, units with a
negative TC may cycle between over-range and a non-over-
range count as the die alternately heats and cools. All thesa
problems are of course aliminated if an extemal reference is
used.

The ICL7106, with its negligible dissipation, suffers from
none of these problems. In either case, an external reference
can easily be added, as shown in Figure 4.

Analog COMMON is also used as the input low return during
auto-zero and de-integrate. If IN LO is different from analog
COMMON, a common mode voltage exists in the system
and is taken care of by the excellent CMRR of the converter.
However, in some applications IN LO will be set at a fixed
known voltage (power supply commeon for instancs). In this
application, analog COMMON should be tied to the same
point, thus removing the common mode voltage from the
converter. The same holds true for the reference voltage. Ii
referance can be conveniently tied to analog COMMON, it
should be since this removes the common mode voltage
from the referenca system.

Within the IC, analog COMMON is tied to an N-Channel FET
that can sink approximatsly 30mA of current to hald the
voltage 2.8V below the positive supply (when a load is trying
to pull the common line positive). However, there is only
10pA of source current, so COMMON may easily betied o a

mare negative voltage thus overriding the intemal reference.

v+
v
REF HI
8.8V
REFLO |— DS
ICLT106 l'z
IGLT107
V.
FIGURE 4A.
V+
v £.8k0)
ICL7 106 20k()
ICL7107 L‘
REF Hi|—> 1CLBOGH
12v
REF LO & REFEREMCE
COMMON
FIGURE 4B.

FIGURE 4. USING AN EXTERNAL REFERENCE

TEST

The TEST pin serves two functions. On the ICL7106 it is
coupled to the intemally generated digital supply through a
5000 resistor. Thus it can be used as the negative supply for
extemally generated segment drivers such as decimal points
or any other presentation the user may want to include on
the LCD display. Figures 5 and 6 show such an application.
No more than a 1mA load should be applied.

|

v+ Mo
7O LCD
DECIMAL
POINT

ICLT106

|
Bf 1= u—{‘ |
TEST
7 _ ToicD

BACKPLANE

FIGURE 5. SIMPLE INVERTER FOR FIXED DECIMAL POINT

The second function is a “lamp test”. When TEST is pulied
high (to V+) all segments will be turmed on and the display
should read “1888". The TEST pin will sink about 15mA
under these conditions.

CAUTION: In the lamp test mode, the segments have a constant DC
voftage {no squans-wave). This may bumn the LCD display i main-
tained for extended periods.

7 intersil
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ICL71086, ICL7107, ICL7107S

I _Lw
v+ re -y
]

BP

ICL7108

TEST

! CD4n3g ¥
- -
Yoo

FIGURE 6. EXCLUSIVE "OR' GATE FOR DECIMAL POINT DRIVE

Digital Section

Figures 7 and 8 show the digital section for the ICL7108 and
ICL7107, respectively. In the ICL7106, an intemal digital
ground s generated from a 6V Zener diode and a large
P-Channel source follower. This supply is made stiff to

absorb the relative large capacitive currents when the back
plane (BP} voltage is switched. The BP frequency is the
clock frequency divided by 800. For three readings/sec., this
is a B0Hz square wave with a naminal amplitude of 5. The
segments are driven at the same frequency and amplitude
and are in phase with BP when OFF, but out of phase when
ON. in all cases negligible DC voltage exists across the
segments.

Figure 8 is the Digital Section of the ICL7107, Itis identical to
the ICL7106 except that the regutated supply and back plane
drive have been eliminated and the segment drive has been
increased from 2mA to 8maA, typical for instrument size
common anode LED displays. Since the 1000 output (pin 19)
must sink current from two LED segments, it has twice the
drive capability or 16mA.

In both devices, the polarity indication is “on* for negative
analog inputs. If IN LO and IN Hl are reversed, this indication
can be reversed also, if desired.

a a a
[ie34565789 o oY
[*] [] ]
IJ _’ b -] c a [+ e c
d d d
BACKPLANE
——————————————————————————— - - g - —— P ey
z '
1
2 1
LCD PHASE DRIVER ;
LILET L TR :
7 7 7
TYPICAL SEGMENT OUTPUT seGMENT [ |seoment] tseament] [s200] !
Ve pEcoiE | | DEcoDE | | bEcobe :
0.5mA LET1 L] 1] 1
SEGMENT LATCH X
QUTPUT T X
2ma s AL .
1000's 100° 108 s |, '
cOUNTER] |counTer] fcouwrer) |cousmer|® 1
INTERNAL DIGITAL GROLND : i
]
TO SWITCH DRIVERS «— )
FROM COMPARATOR QUTPUT 1;
a - Q@ V+
cLOCK Y i
> =4 s LoGIC conTROL 62V
i
1 THREE INVERTERS INTERNAL l W20 TEST
ONE INVERTER SHOWN FOR CLARITY DIGITAL Vi =1V L
GROUND :
261
40 39 8 - ? v
_________________ O = e e e e e e e e e e e e, m e e — 3
S
0sc1 osc 2 osc3
FIGURE 7. ICLT106 DIGITAL SECTION
8 i'“ersi' FN3082.7
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ICL7106, ICL7107, ICL7107S

a a a
0234556789
L’ ‘J ’ e c @ [ a c
___________________________ - - -} -JtHHY ~-=-=- -4
]
r
]
7 T 7 1
SEGMENT| { SEGMENT | | SEGMENT 1
DECODE { | DECOGE ] | pECODE i
!
TYPICAL SEGMENT OUTPUT i1l L] L1l 0
v+ LATCH = t
1
0.5mA
- [ T T 1 :
1000's 100's 10's 1s
SEGMENT couNTER{ lcountEr] {counter| [counter | '
BmA 1
TO SWITCH DRIVERS 4 :
DIGITAL GROUND FROM COMPARATOR OUTPUT 1) v
v+ p B
CLOCK ————¢ TEST
pf a4 »| LOGIC CONTROL L 7,
2 5000
t THREE INVERTERS & DIGITAL
ONE INVERTER SHOWN FOR CLARITY 271 SROUND
40 K1Y a8 !
----------------- : — - r-—-——--::———------—-——--—-——----'
0s8C1 0sC2 S 0SCc3
Il
L1
FIGURE B. ICL7107 DIGITAL SECTION
SystemTiming || o ${ ELUY A)/ QERNNND NN B U 2% U°_ B8 ____ “
. ! | INTERNAL TO PART
Figure 9 shows the clocking arrangement used in the
ICL7106 and ICL7107. Two basic clocking arrangements 4 — CLOoCK

can be used:;

1. Figure 9A. An external ascillator connected to pin 40,
2. Figure 9B, An R-C oscillator using all three pins.

The oscillator frequency is divided by four bafore it clocks the
decade counters. It is then further divided to form the three
convert-cycle phases. These are signal integrate (1000
counts}, reference de-integrate (0 to 2000 counts) and
auto-zero (1000 to 3000 counts). For signals less than fuil
scale, auto-zero gets the unused portion of reference
de-integrate. This makes a complete measure cycle of 4,000
counts {16,000 clock pulses) independent of input voltage,

For three readings/second, an oscillator frequency of 48kHz
would be used.

To achieve maximum rejection of 60Hz pickup, the signal
intagrate cycle should be a multiple of 60Hz. Oscillator
frequencies of 240kHz, 120kHz, 80kHz, 60kHz, 48kHz,
40kHz, 33'/3kHz, etc. should be selected, For 50Hz
rejection, Oscillator frequencies of 200kHz, 100kHz,
662:’3kHz. 50kHz, 40kHz, etc. would be suitable, Note that
40kHz (2.5 readings/second) will reject both 50Hz and 60Hz
{also 400Hz and 440Hz),

e

GND ICLT10T
TEST ICL7106

FIGURE 9A.

— CLOCK

- ae = o

- o

RC OSCILLATOR

FIGURE 8B.
FIGURE 8. CLOCK CIRCUITS
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ICL7106, ICL7107, ICL7107S

Component Value Selection

Integrating Resistor

Both the buffer amplifier and the integrator have a class A
output stage with 100pA of quiescent current. They can
supply 4pA of drive cuent with negligible nonlinearity. The
integrating resistor should be large enough to remain in this
very linear region over the input voltaga range, but small
enough that undue leakage requirements are not placed on
tha PC board. For 2V full scale, 470k(2 Is near optimum and
similarly a 47k for a 200mV scals.

integrating Capacitor

The integrating capacitor should be selected to give the
maximum voltage swing that ensures tolerance buildup will
not saturate the integrator swing (approximately. 0.3V from
elther supply}. In the ICL7106 or the ICL7107, when the
analog COMMON is used as a referenca, 2 nominal +2V full-
scale integrator swing is fine. For the [CL7107 with +5V
supplies and analog COMMON tied to supply ground, a
3.5V to +4V swing is nominal. For three readings/second
(48kHz clock) nominal values for Cyyr are 0.22uF and
0.10uF, respectively. Of course, i different oscillator
frequencies are used, these values should be changed in
inverse proportion fo maintain the same output swing.

An additional requirement of the integrating capacitor is that
it must have a low dielectric absorption to prevent roll-over
errors. While other types of capacitors are adequate for this
application, polypropylene capacitors give undetectable
arors at reasonable cost.

Auto-Zero Capacitor

The size of the auto-zero capacitor has some influence on
the noise of the system. For 200mV full scale where noise is
vary important, a 0.47uF capacitor is recommended. On the
2V scale, a 0.047uF capacitor increases the speed of
racovery from overload and is adequate for noise on this
scale.

Referance Capacitor

A 0.1uF capacitor gives good results jn mast applications.
However, where & large common mode voltage exists (i.e.,
the REF LO pin is not at analog COMMON}Y and a 200mV
scale is used, a larger value [s required to prevent roll-over
arror. Generally 1uF will hold the roll-over emor to 0.5 count
In this instance.

Oscillator Components
For all ranges of frequency a 100kQ resistor Is recommended
and the capacitor is sslected from the equation:

f- OR'—g-’ For 48kHz Clock (3 Readings/set),

C = 100pF.

Reference Voltage

The analog input required to generate fuil scale output (2000
counts) Is: Vi = 2VRrep- Thus, for the 200mV and 2V scale,
VieF should equal 100mV and 1V, respectively. However, in
many applications where the A/D is connected to a
transducer, there will exist a scale factor other than unity
between tha input valtage and the digital reading. For
instance, in a weighing system, the designer might like to
have a full scale reading when the voltage from the
transducer is 0.662V. Instead of dividing the input down to
200mV, the designer should use the input voltage directly
and selact VRer = 0.341V. Suitable values for integrating
resistor and capacitor would be 120kQ and 0.22uF, This
makes the system slightly quieter and also awvoids a divider
network on the input. The ICL7107 with £5V supplies can
accept input signals up to 14V, Another advantage of this
system accurs when a digital reading of zero is desired for
Vin # 0. Temperature and weighing systems with g variable
fare are examples. This offset reading can be conveniently
generated by connecting the voitage transducer between IN
H! and COMRMON and the variable {or fixed) offsat voitage
between COMMON and N LO.

ICLT7107 Power Supplies

Tha ICL7107 Is designed to work from 15V supplies.
However, if a negative supply is not available, it can be
generated from the clock output with 2 diodes, 2 capacitors,
and an inexpaensive IC. Figure 10 shows this application. See
ICL7660 data sheet for an altamative.

In fact, in selected applications no negative supply is
required. The conditions to use a singte +5V supply ars:

1. The input signal can be referenced to the center of the
common mode range of the converter.

2. The signal is less than 11.5V.

3. An external refarence is used.

V+ 0 .l_-_- h—‘ j____

V4
OSC1

osc 2 "‘1‘77
osc3 -

lcLror

GND
v

YYYYy
§ w1l
T

FIGURE 10. GENERATING NEGATIVE SUPPLY FROM +5V
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ICL7106, ICL7107, ICL71075

Typical Applications Application Notes

The ICL7106 and ICL7107 may be used in a wide variety of NOTE # DESCRIPTION
configurations. Tha circuits which follow show some of the

passibilities, and serve lo ilustrate the exceptional versatility ANO16  |"Selecting AMD Converters”

of these A/D converters. ANO017 |*The Integrating A/D Converter”

The following application notes contain very useful ANQ18  ["Do’s and Don'ts of Applying A/D Converters”
information on understanding and applying this part and are ANOZ3  |“Low Cost Digital Panel Meter Designs®

available from Intersit Corporation.
ANG3Z  |“Understanding the Auto-Zera and Camman Moda

Performanca of the ICL7 136/7/9 Family”

AND48  [“Building a Battery-Oparated Auto Ranging DVM with the
ICI.7108"

AN052 [*Tips for Using Single Chip 31.'2 Digit A/D Converters™

AN960S |*Overcoming Common Made Range Issues When Using
Intersi] Integrating Converters”

Typical Applications
—-v—-;-“-— TO PIN 1 s,y —_— TO PIN 1 44—
SC1 B ——omm—) 0SC 1 {#}——r5m—)
osc2 [ 082 E—.——AM-—L
05C3 [38 —— 8&TVger 08¢ 3 [Bl———— seTvpe
TEST [37} 100pF ’[ = 100mV TEST [77) 100pF / = 1p0mV
REF Hi Em REF HI E——ﬁ
REF LO [35}————s - REF LO [35———————4—\W—AW—d—o 5V
CREF E—'—ﬁ. o kQ 22k Crer EI‘_‘__L o\ kA
Crer [Fp—T Crer [B—F
COMMON [B]—— ¢ Mo |, COMMON [33] Ma .
IN H1 (31} PR Y ¥ ! o N HI |31} 1 e AAA o
I .L ry J [ -J_ Yy
0.01F TN o 0.09F ]
NLO (BB} 1 INLO [30] v 570 , °
AZ [B—— . AZ F=—
£7k0 . 47kQ i
BUFF [Z———MWA——d = BUFF [ZB—Wh———4 !
INT Z’}-‘—u—— T’ INT ‘ i
v B v- Lo
0z [3 62 :
< B 1 1o pispLay DISFLAY '
A3 [3H] o :
G3 [Z) :
BP [} ToBACKPLANE  GNOfL - ----- .
Values shown are for 200mV full scale, 3 readingsisec., floating Values shown are for 200mV full scale, 3 readings/sec. iIN LO may
supply voltage {9V battery). be tied to either COMMON for inputs floating with respect to
supplies, or GND for single ended Inputs. (See discussion under
Analog COMMON).
FIGURE 11. ICL7106 USING THE INTERNAL REFERENCE FIGURE 12. ICL7107 USING THE INTERNAL REFERENCE
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ICL7106, ICL7107, ICL7107S

Typical Applications (Continued)

TOPIN 1 +———y

BV arvees
OsC1 [40 T
0SC2
osC 3 [38) ' SET Viggr
TEST [77] 100pF ;: 100mV
REF HE @————‘
REF LO |35} ———¢ N—- Ao V +
5 ik 10k | 10kQ
Crer 34 0.1F ﬂ\
Crer [B—T 1.2V (ICL8069)
COMMON [+ aa
W ] Y ond ® N
IN LO [30} Cwima = "'i 0
; X 2
A2 Blebme—
BUFF [F}————wWA——+¢ '
1
INT :zrj-——-quzy..___._. .
V- E -22uF L oV
62 [3 y
c3 !
&l TO DISPLAY ]
A3 I_§| 1
Gs3 (2] :
GND 2__1|__|._ _________ -

N LO is tiad to supply COMMON establishing the comect common mode
voltage. If COMMON s not shorted to GND, the input voitage may fioat
with respect to the power supply and COMMON acts as a pre~egulator
for the reference. f COMMON is shorted to GND, the input is single
ended {referred to supply GND} and the pre-regulator is ovemidden.

FIGURE 13. ICLT107 WITH AN EXTERNAL BAND-GAP

REFERENCE {1.2V TYPE)
—_ TOPIN 1 ¢———
osc 1 (@ —— ———
osc 2 [B—WA—9
osca F—— SETVger
TEST [37] 100pF J =1V
REF Hi E—‘
REF LO [35] AN o Vi
Crer [34} . 25k 24k0
rer [B—T "
COMMON [32}—o g MO =
N Hi3T] T 0.01?1;:"' ° N
N Lo |30} (R A °
- E—C
wr
v- 3 0.22pF —_
G2
e % TO DISPIAY
A3 [A
G3 g
BPIGND |31]

FIGURE 15. ICL7106 ANDiCL7107: RECOMMENDED
COMPONENT VALUES FOR 2V FULL SCALE

~ osc

TOPIN | 4——

40 100k
osc 2 [
0OS8C 3 |38 SETVREF
TEST [77] 100pF / =100mV
REF HI E—‘
REF LO {35} :k ﬁ“*,:.; o 5V
4]
Crer [M—
0.1F 6.8V
Crer [3}——T
COMMON 2}—-'. Ma .
(371 A
IN H1 {37} I ryvhis 0
INLO 13D 5ATE - o
ALID L) 0] b
BUFF 38— AW :
INT E_H_—— T
v- |2 0.ZF &0 -5V
G2 E
c3
E TO DISPLAY
A3 15
G3
GND

Since Yow TC zeners have breakdown voltages ~ 6.8V, diode must
be placed across the total supply (10V). As in the case of Figure 12,
IN LO may be tied to either COMMON or GND.

FIGURE 14. ICLT107 WITH ZENER DIODE REFERENCE

TO PN 1 #——r—

osc 1,14 100k
0sC2
osc s 3 —{}- SET Vper
TEST 7] AOCES y = 100V
REF HI E——;
rero [B TS
Crer
0.ApF ;1
Crer 1.2V (ICL806Y)
COMMON 33 Mo 4
INHI |37} ANty
_I _L L &4
0.01pF N
INLO |38 ST - = o
A2 (8 Y a7ka
BUFE [2———wWA———4
INT _@—g——
v- 3 8.220F
G2 I
c3 TO DISPLAY
A3 13
61 (&
GNo |31}

An external reference must be used in this application, since the
voltage between V+ and V- Is insufficlent for comect operation of the

internal reference.

FIGURE 16. ICLT107 OPERATED FROM SINGLE +5V

12 | _intersil
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